It is well documented that genes, environment, and geneenvironment interactions determine an individuals' blood pressure (BP) level and risk of hypertension. 1 Genetic epide miology studies reported that the heritability of BP, the pro portion of variance explained by genetic factors, ranged from 20 to 50% in human populations. 2 These studies also indicated that genetic influences on BP varied by race, age, and environ mental factors. [2] [3] [4] [5] The cold pressor test (CPT), which measures the response of BP to the stimulus of external cold, has long been a stand ard test for characterization of sympathetic function and has been documented to predict the subsequent risk of hyperten sion in normotensive persons. [6] [7] [8] [9] Twin and pedigree studies reported that BP reactivity to CPT was significantly influenced by genetic effects. [10] [11] [12] [13] [14] For example, significant heritabilities were found for systolic BP (SBP) responses (0.12-0.37) but not for diastolic BP (DBP) among 419 individuals distributed across four large EuropeanAmerican families. 13 A recent study reported a significant genetic influence on BP reactiv ity and recovery during CPT among 835 participants from 18 extended Amish families. 14 It was also found that both shared and unshared genetic factors influence BP reactivity and recovery. Shared genetic factors contribute to the total correla tion of the two phenotypes, and this genetic correlation can be inferred by bivariate analysis. The heritability of BP responses to CPT and the genetic correlation between BP reactivity and recovery has not been reported in Asian populations.
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In the Genetic Epidemiology Network of Salt Sensitivity (GenSalt) study, we conducted CPT among 1,994 subjects from 627 families living in rural north China. In this analy sis, we report the heritabilities of BP responses to CPT as well as the genetic correlations between baseline, reactivity, and recovery BP phenotypes.
Methods
Study participants. The GenSalt study participants were recruited from six sites in rural areas of north China. These sites were selected based on homogeneity of the population with respect to ethnicity, lifestyle, and nutritional risk factors. 15 
Background
Genetic determinants of blood pressure (bP) responses to the cold pressor test (cPt), a phenotype associated with risk of hypertension and cardiovascular disease has not been well studied.
Methods
We examined the heritability of bP response to cPt in 1,994 subjects from 627 families in rural north china. bP was measured before and at 0, 1, 2, and 4 min after the participants immersed their hand in ice water for 1 min. Heritabilities of baseline bP and responses at 0 min, maximum response, and area-under-the-curve (AUc) during cPt were computed using a variance components method. Additionally, bivariate heritabilities were calculated to test the existence of shared genetic determinants between baseline bP and responses to cPt.
results
Heritabilities of baseline bP and responses to cPt were estimated from 14 to 35%, which all significantly differed from 0 (P ≤ 0.002). Genetic correlations (s.e.) due to the same genes between baseline bP and responses to cPt ranged from −0.07 (0.14) to 0.21 (0.15), which were not significantly different from 0. Genetic correlations between reactivity and recovery were 0.67 (0.10) and 0.59 (0.10) for systolic (SbP) and diastolic bP (DbP), respectively, which were significantly different from 0.
conclusions
We concluded that (i) baseline bP and bP responses to cPt had strong genetic determinants; (ii) baseline bP and bP response to cPt did not share the same genetic components; and (iii) bP reactivity and recovery shared the same genetic components. these findings may lead to a better understanding of the genetic mechanism of bP responses to cPt. 
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A communitybased BP screening was conducted among per sons aged 18-60 years in the study villages to identify poten tial probands and their families for the study. Those with mean SBP between 130 and 160 mm Hg and/or DBP between 85 and 100 mm Hg and no use of antihypertensive medications and their siblings, offspring, parents, and spouses were recruited for the CPT study. The detailed eligibility criteria for the probands and siblings/offspring/parents/spouses are presented else where. 15 In general, individuals who had stage2 hypertension, secondary hypertension, use of antihypertensive medications, history of clinical cardiovascular disease, diabetes, or chronic kidney disease, pregnancy, or heavy alcohol use were excluded from the GenSalt study. Overall, 2,000 subjects took part in the CPT and 1,994 participants from 627 families completed the entire test and were included in this analysis. Family relation ships were verified using genomewide microsatellite data.
Institutional review boards at all participating institutes approved the GenSalt study. Written informed consent was obtained from each participant.
Data collection.
A standardized questionnaire was admin istered by a trained staff member to collect information on demographic characteristics, personal and family medical his tory, and lifestyle risk factors. BP measurements were obtained at each clinical visit by trained and certified observers accord ing to a common protocol adapted from procedures recom mended by the American Heart Association. 16 Participants were advised to avoid alcohol, cigarette smoking, coffee/ tea, and exercise for at least 30 min before their BP measure ment. After the participant had remained sitting for 20 min and before the ice water immersion, third BP measurements were obtained using a standard mercury sphygmomanometer. The mean of these three BP measurements was considered the baseline BP. Then, the participant immersed their left hand in the ice water bath (3-5 °C) to just above the wrist for 1 min. BP measurements at 0, 1, 2, and 4 min were obtained using a standard mercury sphygmomanometer after the left hand had been removed from the ice water bath. The CPT was well toler ated in all subjects and no side effects were reported.
Statistical analyses. Heritability was analyzed for baseline BP and BP responses to CPT, including the maximum BP response, BP response at time 0, and areaunderthecurve (AUC) above baseline BP. Response at time 0 is the difference between BP at time 0 and baseline BP; and maximum response is the largest BP difference between BP at any of the four CPT tested time points and baseline BP. In addition, the AUC of BP response to CPT was further divided into BP reactivity (from baseline to time 0) and recovery (from time 0 to time 4).
Pearson's correlations between BP responses and age, sex, generation, field center, baseline BP, body mass index, water temperature, room temperature, and arm circumference are −0.133 to 0.146. The BP responses were adjusted for the effects of age, sex, generation, and field center groups. BP responses were regressed on the covariates in a stepwise manner, and only those with significant P values <0.05 were retained. Next, the squared residual from the first regression was regressed on the same covariates in a stepwise manner to control for hetero scedasticity. The final adjusted phenotype was computed as the residual from the first regression, divided by the square root of the predicted score from the second regression. A final standardization step was taken to ensure a mean of zero and a standard deviation of one.
Heritability analysis was performed using a maximum likelihood variance components method that was imple mented in the program SOLAR. 17 We also performed a bivariate analysis to estimate the correla tions of genetic components using SOLAR. 17 For a pair of traits, y 1 and y 2 , with heritabilities h 1 2 and h 2 2 , respectively, their corre lation (ρ) can be decomposed into genetic correlation (ρ G ) and environment correlation (ρ E ) according to the following math ematical formula:
(1 )(1 ) . We tested the null hypothesis ρ G = 0 vs. H 1 : ρ G ≠ 0 to infer cor related or shared genetic effects (reject H 0 ), and tested the null hypothesis of ρ G = 1 (or −1) vs. H 1 : ρ G ≠ 1 (and −1) to infer inde pendent or nonshared genetic effects (reject H 0 ). We also tested H 0 : ρ E = 0 vs. H 1 : ρ E ≠ 0 for correlated or shared environment effects.
Body mass index, water temperature, room temperature, and arm circumference were used as covariates in the herit ability and bivariate anlaysis by SOLAR. 17 
results
The 1,994 participants who completed CPT consisted of 638 probands, 921 siblings, 61 spouses, 182 parents, and 192 off spring from 627 two and three generation families. The char acteristics of study participants are summarized in Table 1 . As expected, the probands had the highest mean baseline levels of body mass index, SBP, and DBP among all groups.
The mean SBP and DBP responses to CPT are presented in Figure 1 . Both mean SBP and DBP achieved maximum levels at time 0 after ice water immersion for 1 min among all groups. Thereafter, mean BP levels gradually recovered back to the baseline level 4 min after cold stimulus. A 91.5% of probands, 95.6% of parents, 90.2% of siblings, 100% of spouses, and 96.4% of offspring achieved maximum SBP at time 0 while 80.4% of probands, 80.8% of parents, 81.4% of siblings, 83.6% of spouses, and 82.8% of offspring achieved maximum DBP at time 0. 
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other hand, probands had the largest and offspring had the smallest recovery AUC of SBP while spouses had the largest and parents had the smallest recovery AUC of DBP. Table 3 presents the heritabilities (s.e.) of baseline BP and BP responses to CPT. All heritability estimates are signifi cantly different from zero (all P ≤ 0.002). The heritabilities of baseline BP were 0.20 for SBP and 0.35 for DBP. The heritabil ities of SBP responses to CPT varied from 0.28 to 0.30 while the heritabilities of DBP responses to CPT varied from 0.25 to 0.28. The heritability of SBP recovery AUC was 0.14 and DBP recovery AUC was 0.20. The overall AUC was 0.16 for SBP and 0.21 for DBP. Table 4 shows that genetic correlations (ρ G ) between base line SBP and SBP responses to CPT (maximum response, response at time 0, and reactivity, recovery, and overall AUC) varied from 0.16 to 0.21, which were not significantly differ ent from 0 but differed from 1. On the other hand, the genetic correlation between SBP reactivity and recovery AUC was 0.67, which significantly differed from both 0 and 1. The envi ronmental correlation was not significant between baseline SBP and maximum SBP response and SBP response at time 0, but significant between baseline SBP and SBP recovery AUC and overall AUC. Both genetic and environmental correla tions between SBP recovery and reactivity AUC significantly differed from 0. A similar pattern of genetic correlations was observed between baseline DBP and DBP responses to CPT. Environmental correlation, however, was significant between baseline DBP and all DBP responses to CPT.
discussion
This study contributes to our understanding on the genetic mechanisms of BP responses to CPT in several ways. To our knowledge, this is the largest family study and the first one in an Asian population to examine the genetic contribution to BP responses to CPT, which adds to findings from other populations. 13, 14 Our study also comprehensively exam ined the heritabilities of absolute BP responses, AUC of BP responses, as well as AUC of BP reactivity, and recovery. Furthermore, genetic correlations among baseline BP and BP responses to CPT were investigated.
Additional strengths of our study include that all study par ticipants were living in north rural China with homogeneous lifestyles for many generations and were all of Han Chinese ethnicity. A stringent quality control process was implemented during data collection. We controlled for potential confound ing effects due to age, sex, generation, field center, body mass index, water temperature, room temperature, and arm circum ference in our analysis. articles
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Our study documents a genetic influence on baseline BP with heritability of 20-35%, which is consistent with prior reports in Western populations. 3, 4, 13, 14, [18] [19] [20] Our study further indicates that both SBP and DBP responses to CPT are sig nificantly inheritable. A few twin studies similarly suggested a genetic basis for both SBP and DBP responses to CPT. 11, 12, 21 In addition, two previous family studies in Caucasians reported a significant heritability of BP responses to CPT, although one of them did not show significant heritability for DBP. 13 The CPT method in our study differs from one conducted in Amish families. 14 In this study, subjects immersed their hand in ice water for 1 min and BP measurements were taken after the cold stimulation. In contrast, in the Amish families, subjects immersed their hand in ice water for 2.5 min and BP measurements were taken both during and after the stimula tion. Due to these methodological differences, the highest BP responses occurred at different times and altered the estima tion of BP reactivity and recovery. In spite of this variation, both studies concluded that BP response is inheritable, and that both shared and unshared genetic components underlie BP reactivity and recovery during CPT.
Our bivariate analysis of genetic correlation indicates inde pendent genetic effects between baseline BP and BP responses to CPT. This is consistent with previous twin studies that showed no evidence for common genetic effects on baseline BP and BP responses to CPT, 11, 12, 21 and is also consistent with a previous family study that showed no genetic correlation between baseline BP and BP responses to CPT. 13 Our findings of an independent genetic effect may suggest different physi ologic pathways involved in the regulation of baseline BP and BP response to CPT.
Our study showed that BP recovery had a strong posi tive genetic correlation with BP reactivity during CPT. This finding suggests that the same genes might influence both BP recovery and reactivity. Nevertheless, our findings also suggest that BP recovery and reactivity are not the result of complete pleiotropy and unique genes are responsible for BP recovery and reactivity, given the fact that the genetic correlation sig nificantly differs from 1 (P ≤ 0.005). The shared but incomplete pleiotropic effects were also consistently found in a recent fam ily study conducted by RoyGagnon et al. 14 In summary, our findings of genetic influences on base line BP and BP responses to CPT in Chinese participants are in strong agreement with previous family and twin studies in Western populations. Our results contribute new evidence that different genetic factors are responsible for the regulation of baseline BP and BP responses to CPT, and both different and common genetic factors controlled BP reactivity and recovery ρ is the Pearson correlation between pairs of traits, and it is split into two components, genetic correlation ( ρ G ) and environment correlation ( ρ E ). For H 0 : ρ G = 1 (or −1), the P value is ≤0.005 and results are not shown here. AUC, area-under-the-curve.
